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WIRELESS ACCESS NETWORK SHARING 
AMONG CORE NETWORKS AND METHODS 

5 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application is related to U.S. Patent Application 

No. entitled "Method for Selecting a Core Network", Atty. 

10 Docket CS23737RL, and to U.S. Patent Application No. 

entitled "Method and Apparatus for Routing Messages in a Network", Atty. 
Docket No. CS23282RL, all of which are assigned commonly, filed 
contemporaneously herewith, and incorporated herein by reference. 

15 FIELD OF THE DISCLOSURE 

The present disclosure relates generally to communications 
networks, and more particularly to sharing access networks among multiple 
core networks, for example, the sharing of a radio access network (RAN) 
20 among multiple core networks operated by different wireless service 
providers, and methods. 

BACKGROUND OF THE DISCLOSURE 

25 3 rd Generation Partnership Project (3GPP) standardization work 

groups are considering the adoption of specifications enabling wireless 
communication network operators to deploy 3 rd Generation wireless 
communications core networks, e.g., Mobile Switching Centers (MSCs) 
and/or a Serving GPRS Support Nodes (SGSNs), that share access 
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networks, including spectrum and/or radio control entities, e.g., a Radio 
Access Network (RAN). Sharing radio access networks enables network 
operators to accelerate the deployment of new technologies, for example, 3G 
wireless networks, and to obtain access to radio spectrum that may not be 
5 available otherwise. 

The 3GPP TS 22.011 & 23.122 communications specifications 
state procedures for Public Land Mobile Network (PLMN) selection by a 
mobile station (MS) through access in a radio access network (RAN). These 
selection rules assume that the radio access network is connected to a core 
10 network that is under control of a single network operator. The TR 23.851 

communications report addresses the general topic of network sharing and 
contains information about core networks sharing a common wireless radio 
access network. 

In some radio communications protocols, the network system 
15 information message has limited space available to communicate the 

identities of multiple core networks sharing a common access network. In 
the Global System for Mobile (GSM) communications protocol, for example, 
the system information block (SIB), which is part of a broadcast message, 
has insufficient space for the identities of multiple Public Land Mobile 
20 Network (PLMN) identities sharing a common radio access network (RAN). 

The various aspects, features and advantages of the disclosure 
will become more fully apparent to those having ordinary skill in the art 
upon careful consideration of the following Detailed Description thereof 
with the accompanying drawings described below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exemplary wireless communications system 
including multiple core networks coupled to a common radio access 
5 network. 

FIG. 2 is an exemplary system information message including 
pseudo core network identification information identifying multiple 
networks sharing a common access network. 

FIG. 3 is an exemplary process diagram for connecting to a core 
10 network using pseudo core network identification information. 

FIG. 4 is an exemplary system information message having a 
data field for indicating a number of multiple core networks sharing a 
common access network. 

FIG. 5 is an exemplary process diagram for connecting to a core 
15 network without using core network identification information in the first 
instance. 

FIG. 6 is an exemplary connection request message having a 
data field for indicating that a network entity may select one of several core 
networks on behalf of a communication device. 
20 FIG. 7 is an exemplary system information message having a 

pointer indicating where to obtain information about multiple core 
networks sharing a common access network. 
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FIG. 8 is an exemplary process diagram for obtaining 
information on multiple core networks sharing a common access network 
using pointer information. 

FIG. 9 is an exemplary process diagram for selecting from 
5 among two or more network identities, at least one of which is associated 

with multiple core networks sharing a common access network. 



DETAILED DESCRIPTION 



10 In FIG. 1, the exemplary wireless communications system 100 

comprises generally a common access network 110 including a controller 
112 communicably coupled to one or more cellular area transceivers 114 that 
communicate with communication devices, for example, the wireless mobile 
station (MS) 102, in the corresponding cells. In Global System for Mobile 

15 Communications (GSM) networks, the access network is a Radio Access 

Network (RAN) including a Base Station Controller (BSC) communicably 
coupled to one or more Base Transceiver Systems (BTS). In Universal 
Mobile Telecommunications System (UMTS) 3G W-CDMA communications 
networks, the access network is a Radio Network Subsystem (RNS) 

20 including a radio network controller (RNC) communicably coupled to a one 

or node Bs. In other embodiments, the access network may also comprise 
wireless local area network access points, for example, IEE 802.11 access 
points, among other access networks points providing connectivity between 
communication devices and network entities. And in other embodiments, 
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the access network is a wire-line access network, for example, a network 
providing access to a circuit switched network and /or to packet data 
network. 

In FIG. 1, the wireless communications system also comprises 
5 generally multiple core networks sharing the common access network 110. 
In the exemplary wireless communications system of FIG. 1, a first core 
network 120 includes a Mobile Switching Center (MSCi) and a Serving 
GPRS Support Node (SGSNi), a second core network 122 includes only a 
Mobile Switching Center (MSC2), a third core network 124 includes a Mobile 

10 Switching Center (MSC 3 ) and a Serving GPRS Support Node (SGSN 3 ), and a 
fourth core network 126 includes only a Serving GPRS Support Node 
(SGSN 4 ). The exemplary core networks 120, 122, 124 & 126 all share the 
same radio access network 110 and its radio spectrum. The exemplary core 
networks may be GSM networks or UMTS 3G networks. Other core 

15 networks capable of sharing a common radio access network include 
CDMA 2000 networks and other existing and future wireless 
communications networks. In other embodiments, the core network is a 
wire-line network, for example, a public telephone switched network 
(PTSN), and /or a packet data network, for example, a digital cable network, 

20 or a TCP/IP network, or an Integrated Services Digital Network (ISDN), etc. 

Generally, different service providers operate each of the 
multiple core networks, which are identified by different core network 
identities, for example, by a corresponding Public Land Mobile Network 
(PLMN) identity (ID). In some embodiments, in addition to the core 
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network identity, the core networks have associated therewith core network 
information including domain support information, for example, a packet 
switched domain indicator and/or a circuit switched domain indicator. A 
system information message, for example, a radio broadcast message from 
5 the network, provides information for use by communication devices, e.g., 

mobile station 102 in FIG. 1, in the network for connecting to one of the core 
networks. When attempting to connect to a network, generally, the 
communication device sends a connection request, which may include the 
identity of the device, e.g., an MSID, location area information, the identity 
10 of a home core network, e.g., the HPLMN, of the communication device, 

preferred core network information, e.g., preferred PLMNS, etc. The 
particular protocols, criteria and procedures for connecting to, or registering 
with, core networks are usually specified by corresponding communications 
specifications. 

15 In one embodiment, illustrated in FIG. 2, the system 

information message 200 includes an information block, for example, a core 
network- identifying portion of the system information message, with a 
pseudo network identity, e.g., a pseudo PLMN ID, 210 identifying multiple 
core networks sharing a common access network. In other embodiments, 

20 pseudo core network identity may be located elsewhere in the system 

information message or in some other message. The pseudo identity in this 
embodiment is not associated with any particular core network. In at least 
some embodiments, the system information message is devoid of the 
identities, e.g., the proper identities, of any particular core network sharing 
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the common access network. In a one particular implementation, a pseudo 
PLMN ID is located in an existing PLMN ID data field of an existing Release 
5 GSM system information broadcast message. This exemplary 
implementation does not require a change to the structure of the existing 
5 Release 5 GSM system information broadcast message. 

In the process diagram 300 of FIG. 3, at block 310, a 
communication device, for example, the mobile station 102 in FIG. 1, 
receives system information with pseudo core network identification 
information, for example, a pseudo PLMN ID. An exemplary system 

10 information message including this information is discussed above. At 
block 320, the communication device attempts to connect to a core network 
using the pseudo identification information, for example, by transmitting a 
connection or registration request including the pseudo identity and other 
information, which may be required pursuant to the particular connection 

15 protocol under consideration. 

In one embodiment where the core network pseudo identity 
identifies multiple core networks sharing the common access network, the 
connection request based on the pseudo core network identity is rejected, 
since no particular network has been identified. In one embodiment, under 

20 these exemplary circumstances, at block 330, the communication device 

receives, for example, in the connection rejection message, the identities of 
the multiple core networks sharing the common core network. In another 
embodiment, the communication device also receives the core network 
domain identity that is supported by the core network, for example, a circuit 
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switched domain and /or packet switched domain. In another embodiment, 
the communication device receives a list of services supported by the core 
network. The communication device may use any one or more of the 
foregoing information when performing core network selection. 

In some embodiments, the connection rejection includes a new 
cause value to ensure that the communication device does not add the 
pseudo identity, e.g., pseudo PLMN ID, to a forbidden list of the 
communication device. In other embodiments the communication device 
stores the identity of both the pseudo PLMN and the assigned PLMN in 
either a Subscriber Identification Module (SIM) or a User Identification 
Module (UIM) or the communication device itself in order to assist in 
speeding up the core network selection process in subsequent connection 
attempts. In other embodiments, the communication device stores the 
identity of the pseudo PLMN and the core network rejecting the registration 
attempt in the SIM or UIM card or in the communication device. 

In FIG. 3, at block, 332, having identified at least some of the 
core networks sharing the common access network, the communication 
device selects and attempt to connect to one of the core networks identified 
by sending a new connection request with the identification of the selected 
core network with any other information required pursuant to the 
applicable communications protocol. FIG. 3, at block 335, the device 
connects to the core network selected by the communication device. 

In one embodiment, the communication device automatically 
selects the core network to which the communication device attempts to 
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connect among the multiple core networks sharing the common access 
network. For example, the selection may be random or it may be based on 
an orderly or sequential selection process, for example, a round-robin 
selection. Also, the automated selection process may be weighted so that 
5 some core networks are selected proportionately more than others. In other 
embodiments, the communication device presents the multiple core wireless 
communications networks, for example, on a display, for manual selection. 
In some manual selection embodiments, the order of presentation of the 
multiple core wireless communications networks is changed when 

10 presented for selection. 

In another embodiment where the core network pseudo 
identity identifies multiple core networks sharing a common access 
network, a network entity selects one of the multiple core networks to 
which the communication device attempts to connect, as illustrated in FIG. 

15 3, at block 340. According to this embodiment, the communication device 
may indicate to the network entity that the communication device has no 
preference for selecting a particular core network. This information may be 
communicated to the network either expressly, e.g., in the connection 
request, or by implication. In one embodiment, the network entity may 

20 select the core network to which the communication device attempts to 
connect in a random process. In another embodiment, the network entity 
may select the core network to which the communication device attempts to 
connect in a round-robin fashion. An exemplary message having a 
dedicated field for authorizing the network to make the selection is 
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discussed below. In FIG. 3, at block 335, the communication device connects 
to the core network selected by the network entity. 

In another embodiment, the communication device sends, for 
example, in the connection request, preferred core network information to a 
network entity. The preferred core network provider information may or 
may not include the home core network information, e.g., the HPLMN, of 
the communication device. The network entity then selects a core network 
for the communication device giving consideration to the preferred core 
network information received from the communication device. This scheme 
could be used to avoid sending the list of core networks from the access 
network to the communication device in response to receiving a connection 
request based on a pseudo identity representative of multiple core 
networks. 

In another embodiment, the communication device sends the 
identity of the communication device to a network entity. The identity can 
include, for example, International Mobile Subscriber Identity (IMSI), 
International Mobile Equipment Identity (IMEI), Temporary Mobile 
subscriber Identity (TMSI) among others. In one embodiment, the 
communication device sends its identity to the network with the connection 
request, and in another embodiment the network entity requests the identity 
of the communication device, for example, in response to receiving a 
connection request, devoid of the communication device identity, from the 
communication device. The network entity selects a core network from 
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multiple core networks sharing a common access network for the 
communication device based on the communication device identity. 

In another embodiment, illustrated in FIG. 4, the system 
information message 400 includes an information block, for example, a core 
network-identifying portion of the system information message, having a 
data field 410 for identifying how many multiple wireless communications 
core networks share a common access network. In other embodiments, the 
data field indicating how many core networks share the common access 
network is located elsewhere in the system information message or in some 
other message. In at least one embodiment including a data field indicating 
how many core networks share the common access network, the system 
information message is devoid of the any core network identity information, 
e.g., the proper core network identities. In one embodiment, the number is 
indicative of a number of core networks having different corresponding 
core networks identities. In another embodiment, the number is indicative 
of at least some core networks having different identities wherein at least 
some core networks having the same identity are counted more than once, 
for example, for weighting purposes, as discussed further below. 

In another embodiment, illustrated in FIG. 4, the system 
information message also includes pseudo core network identity 
information 420 identifying multiple core networks sharing a common 
access network, as discussed above, in addition to the information 
identifying how many multiple wireless communications core networks 
share the common access network. The exemplary implementation of the 
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system information message including information identifying how many 
multiple wireless communications core networks share the common access 
network may require a change to the structure of existing communications 
system information messages, for example, the Release 5 GSM system 
information broadcast message. 

In the process diagram 500 of FIG. 5, at block 510, a 
communication device receives a system information message with 
information indicating how may core networks share a common access 
network. An exemplary system information message structure including 
this information is discussed above. In one embodiment, the message is 
devoid of core network identity information, e.g., PLMN IDs, particularly 
identifying the multiple core networks sharing the common access network. 

In FIG. 5, at block 520, the communication device attempts to 
connect to a core network using the information about the number of 
multiple core networks sharing the access network. In one embodiment, 
each of the multiple core networks sharing the common access network are 
associated with a corresponding number within a range specified by the 
number of multiple core networks. As suggested above, in some 
embodiments, the more than one number may be assigned to the same core 
network. In embodiments where the system information message does not 
include information identifying the core networks sharing the common 
access network, the communication device may attempt to connect to a core 
network by specifying a number associated with the core network to which 
the communication device attempts to connect, without specifically 



12 



"Wireless Access Network Sharing 
Among Core Networks And Methods" 
Arty. Docket No. CS23738RL 



Exp. Mail No. EV203579289US 



identifying the core network by its proper identity, e.g., its PLMN ID. For 
example, if the system information message indicates that there are four (4) 
core networks sharing the common access network, number one (1) may 
correspond to one core network, numbers two and three (2 & 3) may 
correspond to another core network, etc. The communication device may 
thus identify one of the core networks by including its corresponding 
number in the connection request, without knowledge of its core network 
identification per se. In one embodiment, the communication device selects 
the core network to which it attempts to connect by a random selection 
process, so that the multiple core networks sharing the common access 
network have substantially an equal opportunity of being selected. The 
random selection process may be employed, for example, when none of the 
multiple core networks are on a preferred service provider list of the 
communication device, but where all of the core networks satisfy a 
threshold condition, e.g., based on quality or signal strength. If the initial 
connection attempt is successful the process ends at block 522. 

More generally, N core networks may share the access network, 
and the N core networks can be further divided into up to M sub-core 
networks. One form of sub-core network differentiation is in the form of 
dividing the core network into a circuit switched core network and a packet 
switched core network. The circuit switched core network is connected 
typically to a public switched telephone network while the packet switched 
core network is connected to a packet network such as the Internet. 
Information about N and M can be provided to the communication device 
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through the broadcast message and /or through dedicated messaging such 
as the connection reject message. The M sub-core-networks can refer to the 
different core network domains, e.g., circuit switched domain and/or 
packet switched domain that the corresponding core network supports. A 
5 core network may also support only one core network domain, in which 
case M = 1 for this core network. 

In FIG. 5, at block 540, if the connection attempt is unsuccessful, 
the communication device receives a connection rejection from the network. 
In one embodiment, the communication device also receives the identities of 

10 at least some of the multiple core networks sharing the common core 
network, for example, the identities of all sharing core networks except the 
network for which the rejection was received. In another embodiment, the 
communication device also receives the identity of the core network that 
rejected the connection attempt by the communication device. The 

15 communication device may use this information to prevent future attempts 

to connect to certain core networks. 

In FIG. 5, at block 542, in one embodiment, the communication 
device selects and attempts to connect to one of the core networks 
specifically identified, e.g., by PLMN ID, by sending a new connection 

20 request with the identification of the selected core network pursiiant to the 

applicable communications protocol. The core network selection may be 
made automatically or manually, as discussed above or pursuant to some 
other scheme. 
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In another embodiment, the communication device permits a 
network entity to select the core network, for example, by transmitting a 
connection request with information indicating that the network should 
make the core network selection for the communication device. In one 
embodiment, the communication device includes information about the core 
network domain identity and /or the service desired in the connection 
request. FIG. 6 illustrates an exemplary message 600 having a dedicated 
data field 610, for example, a one-bit flag that is either set or not set by the 
communication device, to indicate whether the network may select a core 
network on behalf of the communication device. In FIG. 5, at block 544, the 
communication device connects to the core network selected either by the 
communication device or by the network entity. 

In another embodiment, illustrated in FIG. 7, the system 
information broadcast message 700 includes an information block, for 
example, a core network identifying portion of the system information 
broadcast message, having a pointer 710 to a location where information, 
e.g., PLMN identities, for multiple wireless communications core networks 
sharing a common access network may be obtained. In at least one 
embodiment, the system information message including the pointer is 
devoid of the core network identity information particular to any of the core 
networks sharing the common access network. In another embodiment, the 
system information message also includes pseudo core network identity 
information 720 identifying the multiple core networks sharing a common 
access network as discussed above, in addition to the pointer information. 
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The exemplary implementation of the system information message 
including information identifying how many multiple wireless 
communications core networks share the common access network may 
require a change to the structure of existing communications system 
information messages, for example, the Release 5 GSM system information 
broadcast message. 

In the process diagram 800 of FIG. 8, at block 810, a 
communication device receives a system information message including 
pointer information indicating where the communication device may obtain 
information about multiple core networks sharing a common access 
network from which the message was received. In one embodiment, the 
pointer refers to another portion of the system information message, or to 
some other message or location where either the identities of the core 
networks sharing the common access network may be found, or 
alternatively where more specific pointer information may be found. 

In FIG. 8, at block 820, the communication device obtains 
information on the sharing core networks using the pointer. In one 
embodiment, the pointer points to a location where identities, for example, 
the PLMN IDs, of at least some of the sharing core networks may be 
obtained. In another embodiment, the pointer references another location 
with more specific information where the identities of the sharing core 
networks may be obtained. In this exemplary embodiment, the 
communication device obtains identities, e.g., a PLMN or pseudo identity, 
for at least one of the core networks sharing the common access network. 



16 



"Wireless Access Network Sharing Exp. Mail No. EV203579289US 

Among Core Networks And Methods" 
Atty. Docket No. CS23738RL 

At block 830, the communication device attempts to connect to one of the 
multiple core networks using the information, e.g., the PLMN IDs, of the 
multiple core networks sharing the common access network. The 
communication device may select the one of the multiple core networks to 
which it attempts to connect either manually or automatically as discussed 
above. 

In one embodiment, the communication device attempts to 
connect to the one of the multiple core networks using information about 
multiple core networks sharing a common access network from which the 
system information was received only upon satisfaction of a condition. If 
the system information message includes pseudo identity information for 
multiple core networks sharing a common access network, the 
communication device may attempt to connect to a core network using the 
common identity if the condition is not satisfied. 

In the process diagram 900 of FIG. 9, at block 910, the 
communication device receives first and second system information 
corresponding first and second access networks. The first and second 
system information includes corresponding identity information, for 
example, PLMN IDs for multiple core networks or a pseudo PLMN ID 
identifying multiple core networks. FIG. 1 illustrates only a single access 
network, but generally the communication device 102 may receive system 
information from more than one access network. In one embodiment, at 
least one of the system information messages also includes information on 
multiple core networks sharing the corresponding access network, for 
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example, the number of core networks sharing the same access network, as 
discussed above in connection with FIG. 4. 

In FIG. 9, at block 920, under some selection circumstances, for 
example, where both access networks satisfy a signal quality condition, the 
5 communication device may be required to select one of the first and second 

core network identities for a connection attempt. In some embodiments, it 
is desirable to base the selection on the number of core networks sharing the 
corresponding first and second access networks. For example, if there are 
three times as many core networks sharing the first access network 

10 compared to the number of core networks sharing the second access 

network, the PLMN selection is based on a proportionate weighting of the 
first and second PLMNs. 

In FIG. 9, at block 930, if the selected network identity is a 
pseudo identity, e.g., pseudo PLMN ID, representative of multiple core 

15 networks sharing a common access network, the communication device 

selects one of the multiple core networks sharing the corresponding access 
network based on information in the corresponding system information 
message, for example, as discussed above in connection with FIG. 5. In 
some embodiments, at least in the first instance, the selection is made 

20 without specifying the particular identity of the core network to which the 

communication device attempts to connect. 

While the present disclosure and the best modes thereof have 
been described in a manner establishing possession by the inventors and 
enabling those of ordinary skill in the art to make and use the same, it will 
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be understood and appreciated that there are many equivalents to the 
exemplary embodiments disclosed herein and that modifications and 
variations may be made thereto without departing from the spirit of the 
disclosure, the scope of which is to be limited not by the exemplary 
5 embodiments but by the appended claims. 

What is claimed is: 
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